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Differences in Organization of Neural Oxytocin Receptor Reflects Differences in
Sex Behavior and Parental Care
Abstract
Oxytocin (OXT) is a neuropeptide synthesized in the hypothalamus and stored in the posterior pituitary
gland. Its most known functions include being involved in the stimulation of the uterus during childbirth
and allowing for milk letdown in the process of lactation after birth. OXT has also been implicated to play
a role in parental care and sex behavior. Specific binding to brain oxytocin receptors (OXTR) was observed
by in vitro receptor autoradiography with an iodinated OXT analogue in the monogamous prairie vole
(Microtus ochrogaster) and the polygamous montane vole (Microtus montanus). What was found was
that OXTR density in the prairie vole was highest in the prelimbic cortex, bed nucleus of the stria
terminalis, nucleus accumbens, midline nucleus of the thalamus, and the lateral amygdala. In contrast,
OXTR density in the montane vole was highest in the lateral septum, ventromedial nucleus of the
hypothalamus, and cortical nucleus of the amygdala. Prairie voles show a high level of parental care in
both naïve and postpartum individuals, whereas montane voles show a much higher level of parental care
postpartum. Differences in OXTR distribution were also seen in two additional species of voles, the
monogamous pine vole (Microtus pinetorum) and the polygamous meadow vole (Microtus
pennsylvanicus). The receptor distribution of two other neurotransmitter systems that play a role in the
mediation of social behavior (benzodiazepines and µ opioids) were also studied but showed little
comparable differences between monogamous and polygamous species, which further highlights the
importance of OXTR distribution as a mediator of social behavior.
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Abstract
[3H]flunitrazepam
Montane
Prairie

(LEFT) Changes in behavior can
be seen in the polygamous
montane vole postpartum in the
lactating state. Prairie voles are
highly parental in both the naïve
(virgin) and lactating state. In
contrast the montane vole shows
a higher level of parental care
postpartum than naïve. Height of
bars represents time spent with
pups in seconds. This indicates a
change in the social behavior of
the montane vole that may be a
result of higher expression of
OXTR receptors in areas where it
is not found to be significantly
expressed before parturition.
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Oxytocin (OXT) is a neuropeptide synthesized in the hypothalamus and stored in the
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behavior. Specific binding to brain oxytocin receptors (OXTR) was observed by in vitro
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(Microtus ochrogaster) and the polygamous montane vole (Microtus montanus). What was
found was that OXTR density in the prairie vole was highest in the prelimbic cortex, bed
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nucleus of the stria terminalis, nucleus accumbens, midline nucleus of the thalamus, and the
lateral amygdala. In contrast, OXTR density in the montane vole was highest in the lateral
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septum, ventromedial nucleus of the hypothalamus, and cortical nucleus of the amygdala.
Prairie voles show a high level of parental care in both naïve and postpartum individuals,
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whereas montane voles show a much higher level of parental care postpartum. Differences
in OXTR distribution were also seen in two additional species of voles, the monogamous
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pine vole (Microtus pinetorum) and the polygamous meadow vole (Microtus
pennsylvanicus). The receptor distribution of two other neurotransmitter systems that play
a role in the mediation of social behavior (benzodiazepines and µ opioids) were also studied
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but showed little comparable differences between monogamous and polygamous species,
which further highlights the importance of OXTR distribution as a mediator of social
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Specific binding of [ H]flunitrazepam and [ H]DAGO in montane and prairie voles. Values are means (±SEM) of two to four data collections in each of
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Future Directions

3

Perform further oxytocin antagonist (OTA) studies
on monogamous non-human primates

six animals (three male and three female) and are expressed as fmol/mg of protein. No comparable differences are seen as compared to the specific
binding of 125I-OTA. VP, ventral pallidum; AV, anteroventral thalamic nucleus; SN, substantia nigra.; ND, not detectable

Specific binding of 125I-OTA in montane and prairie voles. Values are means (±SEM) of two to four data collections in each of six
animals (three male and three female) and are expressed as fmol/mg of protein. Acc, nucleus accumbens; AmL, lateral amygdaloid
nucleus; BNST, bed nucleus of the stria terminalis; AmCO, posterior cortical amygdaloid nucleus; Midline thal, midline nucleus of
thalamus; Prelimbic, prelimbic cortex; LSI, lateral septal nucleus; VMN, ventromedial hypothalamic nucleus.

Experimental Methods
Male and female voles were used, weaned at 21 days of age and housed with same sex littermates until 45-90
days of age, at the time they were used for receptor autoradiography experiments

(LEFT) Autoradiograms of 125I-OTA binding to 20 µm
coronal sections from prairie (A,C and E) and
montane (B, D, and F) vole brains. The top left
section (A) shows a higher level of binding to the
nucleus accumbens (Acc) and prelimbic cortex (PL) in
the prairie vole. The middle two sections show a high
level of binding to the BNST (C) and the lateral
septum (LSI) (D) in the prairie and montane vole,
respectively. In the bottom two sections the prairie
vole shows higher levels of binding to the midline
thalamus (Th), ventral reuniens (VR), and lateral
amygdala (AmL) (E); the montane vole shows a
higher level of binding to the ventromedial nucleus of
the hypothalamus (VMN) (F). Both species show high
levels of binding to the central nucleus of the
amygdala (AmC) (E and F).

Block the neurotransmitter OXT from binding to
the receptor and observe changes in sexual
behavior.

Knock out gene that encodes for OXT and study
if monogamous behavior continues as a result of
binding by the benzodiazepine or µ-opioid
mechanism.

(ABOVE) Autoradiograms of 125I-OTA binding to 20-µm
coronal sections from prairie vole (A), montane vole (B), pine
vole (C), and meadow vole (D). Similar binding patterns are
seen between the polygamous species (B and D) and
between the monogamous species (A and C).
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